We report on a discovery of "negative" superhumps during the 2011 January superoutburst of ER UMa. During the superoutburst which started on 2011 January 16, we detected negative superhumps having a period of 0.062242(9) d, shorter than the orbital period by 2.2%. No evidence of positive superhumps was detected during this observation. This finding indicates that the disk exhibited retrograde precession during this superoutburst, contrary to all other known cases of superoutbursts. The duration of this superoutburst was shorter than those of ordinary superoutbursts and the intervals of normal outbursts were longer than ordinary ones. We suggest a possibility that such unusual outburst properties are likely a result of the disk tilt, which is supposed to be a cause of negative superhumps: the tilted disk could prevent the disk from being filled with materials in the outmost region which is supposed to be responsible for long-duration superoutbursts in ER UMa-type dwarf novae. The discovery signifies the importance of the classical prograde precession in sustaining long-duration superoutbursts. Furthermore, the presence of pronounced negative superhumps in this system with a high mass-transfer rate favors the hypothesis that hydrodynamical lift is the cause of the disk tilt.
Introduction
SU UMa-type dwarf nova is a subgroup of dwarf novae (For reviews , Warner 1995) and characterized by the presence of long-lasting, bright outbursts called superoutbursts, in addition to ordinary dwarf-nova outbursts. During these superoutbursts, variations with periods a few percents longer than the orbital period, called positive (ordinary) superhumps, are ubiquitously observed, and are considered as the defining characteristics of SU UMa-type dwarf novae (Vogt 1980) . The cause of this phenomenon is widely believed to be a dynamical prograde precession of the elongated disk, which is believed to be formed by a the tidally driven eccentric instability of the disk excited by the 3:1 resonance to the orbital motion of the secondary (Whitehurst 1988 ). This tidal instability at the radius of the 3:1 resonance is generally considered to enable the disk to expand than in ordinary outbursts to produce long, bright superoutbursts (Osaki 1989) .
This picture naturally explains the phenomenon that positive superhumps with period longer than the orbital period are always observed during superoutbursts, and the presence of positive superhumps is a logical consequence of this picture. Indeed, not a single definite exception against the ubiquitous presence of positive superhumps during superoutbursts has been reported in the nearly 40 yrs history since the discovery of positive superhumps.
On the other hand, superhumps shorter than the orbital periods (negative superhumps) are also reported (Udalski 1988; Harvey et al. 1995; Ringwald et al. 2012) .
Unlike positive superhumps, negative superhumps are exclusively detected in the hot, thermally stable disk in novalike CVs, and during quiescence and some normal outbursts in a small number of dwarf novae including SUUMa type dwarf novae Gao et al. 1999; Pavlenko et al. 2010) . Negative superhumps are detected in V344 Lyr except during the superoutburst (Still et al. 2010 , Wood et al. 2011 . As to negative superhumps in superoutburst stage, a few cases have been reported , Cannizzo et al. 2012 but otherwise yet not recorded during superoutbursts.
The origin of negative superhumps has not been wellunderstood. They are usually considered as a result of some kind of retrograde precession in the accretion disk. There are several suggestions that the torque by the secondary on the tilted or warped disk produces a retrograde precession. Especially Montgomery (2009) suggested that this retrograde precession in the disk is due to the same tidal force as the Moon on the retrogradely processing Earth. However, the mechanisms for producing a tilt or a warp are still controversial (Wood et al. 2000; Murray et al. 2002) .
ER UMa is a member of SU UMa-type dwarf novae, whose intervals of superoutburst (supercycle) are very short (Kato, Kunjaya 1995) . This object is known as the prototype of a subgroup, "ER UMa type" among SUUMa type stars (e.g. Robertson et al. 1995 ; for a review see Kato et al. 1999) . In terms of the presence of positive superhumps during superoutbursts, ER UMa shares common properties with other SU UMa-type dwarf novae (Kato et al. 2003) , although peculiar aspects of its behavior have been reported (Kato et al. 1996; Kato et al. 2003) . Although Gao et al. (1999) and Kjurkchieva, Marchev (2010) suggested on the presence of negative superhumps during quiescence and a normal outburst, only positive superhumps were observed during the following superoutburst.
In this Letter, we report on the discovery of "negative" superhumps during the 2011 January superoutburst of ER UMa.
Observations and Result
ER UMa underwent an outburst on 2011 January 16, and this outburst lasted for 12 days (fig 1. Since this duration is far longer than those (2-3 days) of ordinary (normal) outbursts of the same object, and we identified this outburst as a superoutburst and conducted a world-wide wide-band photometric campaign with CCD cameras equipped on 23.5 -40cm telescopes distributed on the globe. The log of observations and instruments will be listed in forthcoming paper. We performed dark subtractions and flat-fielding and measured the differential magnitude against other stars using standard aperture photometry.
The overall light curve of the superoutburst is shown in upper panel of fig 2. Throughout these observations, large-amplitude variations up to 0.6 mag were recorded ( fig 2) .
We performed a period analysis with the Phase Dispersion Minimization (PDM) method after zero-point adjustments between different observers and the conversion to Barycentric Julian Date (BJD) and subtraction of the global trends of the outburst (interval BJD 2455581 -89.5). This analysis yielded a unique period of 0.06226 d, safely excluding any possibilities of either the orbital period (0.06366 d, Thorstensen et al. 1997) or positive superhumps (0.06549-0.06573 d, Kato, Kunjaya 1995). The 99% confidence limit of this period was determined (0.0622804 +62 −66 d) by modeling the data using the MarkovChain Monte Carlo (MCMC) method and the averaged profile of variations (Kato et al. 2010 ). These analysis clearly demonstrates the presence of a periodicity shorter than the orbital period by 2.2%. There was no clear indication of positive superhumps evolving during this superoutburst, contrary to all existing observations of superoutbursts. The possibility that positive superhumps remained so weakly as not to appear in these period analysis.
The times of maxima of negative superhumps were determined by numerically fitting the light curve with the template mean superhump profile for ER UMa obtained during this observation (Kato et al. 2009 ). A linear regression to these times yielded the following equation as the ephemeris of the superhump maxima:
where E is the number of periodic cycles. The O − C diagram using this equation is shown in fig  2. Negative superhumps did not disappear even after the termination of the superoutburst, in contrast to usual decay of positive superhumps. The O − C diagram indicates that the signals up to the next superoutburst were essentially negative superhumps, with small systematic drifts in the period (fig 2) . Negative superhumps were also seen during four successive normal outbursts and quiescence between normal outbursts. Negative superhumps finally disappeared when the next superoutburst started on 2011 March 3 and showed a smooth transition to ordinary superhumps without a phase shift, when the amplitude of negative superhumps got very small temporally (fig 3) .
Negative superhumps had been detected almost constantly although negative superhumps were not observed clearly in the early phase of superoutburst. The behavior in longer-time scale will be described in the future paper.
Discussion
The origin of negative superhumps has not been wellunderstood. There is one attempt to explain the light modulations, observed as negative superhumps, by considering the periodic variations of luminosity of the stream impact point (hot spot) on a tilted disk (Wood, Burke 2007) . If the disk is tilted, the stream can hit the outer edge of the accretion disk only twice in per orbit, and the stream can impact the inner portion of the disk at other times, and the cyclically variable gravitational energy release produces negative superhumps. This picture has an advantage in explaining that negative superhumps are observed with high amplitudes in quiescence of dwarf novae, when the luminosity of the hot spot dominates. (Wood et al. 2009 ) implied that negative superhumps were detected even in the case that mass transfer shut off. However, in this paper, this phenomenon occurs when the mass ratio is rather large (q ≥ 0.30) and the mass ratio of ER UMa system is not so large. Thus this effect will not be discussed in this paper. While the amplitudes of negative superhumps during the present outburst reached 0.1-0.2 mag even in full outburst, a previous marginal detection of negative superhumps during the rising stage of the same object reported only 0.07 mag (Gao et al. 1999) . The amplitude of negative superhumps in the present superoutburst is thus far larger, and this amplitude is also far larger than the amplitude of negative superhumps reproduced by the numerical simulation (Montgomery 2012) . This suggests that the present negative superhumps were more excited than that in Gao et al. (1999) . As suggested in Montgomery 2009, this may be the change of the angle of tilt.
The fact that negative superhumps were detected in the superoutburst stage implies that another view. There is an argument that the slow growth rate of the dynamical tilt instability requires sufficient time to grow, enabling them only observable in long-lasting stable states as in novalike CVs (Osaki 1995a ). The present phenomenon would alternately implies that negative superhumps can grow in much shorter time-scales under rapidly variable conditions. There may be a mechanism in exciting negative superhumps other than a dynamical tilt instability, and the mechanism may be related to the one exciting positive superhumps. This view is also supported by the case of V1504 Cyg , where negative superhumps were excited in failed superoutburst (Kato et al. 2012) .
It is noteworthy that the duration of the present superoutburst is significantly shorter (∼12 days) than those (∼ 20 days) in usual superoutbursts of the same object. It is less likely this difference was caused by a dramatic change in the global mass-transfer rate since the interval (44 days) between the successive three superoutbursts, which occurred on 2010 December 3, 2011 January 26, March 3, exactly matches the general supercycle, where the supercycle is generally considered as a good measure of the global mass-transfer rate (Osaki 1989) .
It has been suggested that particularly long-lasting superoutbursts in ER UMa and related systems are a result of an exceptionally large mass-transfer rate from the secondary to the outer edge of the accretion disk (Osaki 1995a) . Assuming a tilted disk, the mass supply is prone to the inner portion of the accretion disk, and the supply to the outer edge is expected to be insufficient to achieve this condition. The insufficient mass supply to the outer edge could naturally leads to an early quenching of the superoutburst, or prevents the excitation of the ordinary 3:1 tidal resonance as observed in the present outburst. Although there have been arguments whether long-lasting superoutbursts are sustained by the 3:1 tidal resonance or by the irradiation-induced enhanced mass-transfer, our present observations suggest that the presence of the 3:1 tidal resonance producing positive superhumps is more essential to maintaining long-duration superoutbursts.
Although the mechanisms to cause tilt are still unclear, Montgomery, Martin (2010) recently proposed that hydrodynamic lift as the common source of disk tilts, and indicated that there is a minimum mass-transfer rate to generate tilts. The exceptionally high mass-transfer rates in ER UMa and related systems (Osaki 1996) may provide a favorable condition in continuously exciting tilts even in various states, and this very condition might explain unusual properties recorded in these objects (Kato et al. 2003; Osaki 1995b ). The same high-mass transfer rate and potentially resultant triggered tilts also universally explain occasional low frequencies of normal outbursts, reported in dwarf novae exhibiting negative superhumps (Kato et al. 2002a; Kato et al. 2002b ) and may be related to suggested early quenching of superoutbursts in some extreme dwarf novae (Osaki 1995b; Hellier 2001) . the present discovery appears to be consistent with the prediction by Montgomery (2010) who suggested that negative superhumps might appear in some high-dotM dwarf novae in outburst, including SU UMa stars and ER UMa.
The interval of outbursts between the two superoutbursts is ∼ 7 d, which is longer than one reported in Robertson et al. (1995) (4 d) . This reduced number of outbursts also supports the interpretation suppressing of normal outbursts.
The present discovery of negative superhumps in an unprecedented condition implies that the tilted or warped disk can be easily excited in more universal conditions. Tilted disks and precessing jets are universally, and in various scales, seen or proposed in a variety of astrophysical objects and jet systems, such as SS 433, X-ray binaries (ex : Pringle 1996; Montgomery, Martin 2010) . Some of mechanisms suggested in these objects require the strong radiation field or the magnetism of the central object, which does not apply to the present non-magnetic dwarf nova. This unexpected discovery is expected to contribute to generally understanding the physics of various fields of accretion disks.
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